Background: In skeletally immature children, it can often be difficult to differentiate occult Salter-Harris I fibula fractures from ankle sprains based on physical examination, and often, initial radiographs in both conditions are only notable for soft tissue swelling. The likelihood of a child having subsequent plain radiographic evidence of a fracture in this setting and the likelihood of subsequent fracture displacement have not been previously reported. The purpose of our study was to determine the incidence of occult fracture in these patients and the risk of fracture displacement. Methods: We performed a retrospective review of all children seen for acute ankle injuries over a 14-month period at a large tertiary care children's hospital. To be included in the study, patients needed to have acute ankle trauma, an open distal fibula physis, normal radiographs, and localized distal fibular tenderness on examination. Thirty-seven consecutive children met the inclusion criteria, with 1 child having 2 isolated injuries, one of each ankle, 4 months apart. All patients were initially placed in a short leg walking cast and allowed to weight bear as tolerated. Anteroposterior, mortise, and lateral radiographs of the ankle taken 3 weeks after injury were evaluated for periosteal new bone formation and/or fracture displacement. Results: By 3 weeks after injury, there was periosteal new bone formation about the distal fibula in 7 (18%) of 38 ankles. No fractures were displaced during treatment, and no radiographs had greater than 1 mm of new bone formation visible. Conclusions: This is the first investigation reporting the frequency of plain radiographic evidence of occult distal fibula fractures in children. This study finds that 7 (18%) of 38 acute ankle injuries in children presenting with distal fibula tenderness and normal radiographs show evidence of periosteal new bone formation on follow-up radiographs, implying the presence of an occult fracture. There was no evidence of fracture displacement during treatment, and no fracture demonstrated greater than 1 mm of periosteal new bone. Level of Evidence: Level IV (case series)
T he differentiation of occult Salter-Harris type I fibula fractures from ankle sprains in the skeletally immature is problematic. Initial radiographs in both conditions may be normal, and the physical examination can sometimes be misleading. Traditionally, children with acute ankle injuries, tenderness about the distal fibula, and normal radiographs have been treated for a presumed Salter I fracture of the distal fibula. 1 This normally entails a short leg walking cast for a few weeks. Although this is a well-accepted form of treatment, the actual likelihood of a child having subsequent plain radiographic evidence of a fracture in this setting and the likelihood of subsequent fracture displacement have not been previously reported. Our purpose was to determine the actual incidence of occult fracture in those children with an acute ankle injury, localized distal fibular physeal tenderness, and normal initial radiographs.
METHODS
After institutional review board approval, all children who presented with an acute ankle injury to the emergency department at the authors' institution over a 14-month period were identified. Inclusion criteria included the following: (1) open physes around the ankle, (2) isolated injury, (3) point tenderness over the distal fibula, and (4) no evidence of osseous injury on initial plain radiographs.
All patients in the study were seen and examined in the emergency department by the orthopaedic resident on call, placed in a short leg walking cast, and subsequently followed up by the senior author. Anteroposterior (AP), lateral, and mortise radiographs out of plaster were performed at approximately 3 weeks after the injury. The incidence, extent, and location of periosteal new bone formation and subsequent fracture displacement were recorded. All patients were followed until clinical resolution of symptoms as defined by pain-free ambulation and no tenderness.
RESULTS
Thirty-seven patients (with 38 injuries) met the inclusion criteria for our study. One child had 2 isolated injuries, one of each ankle, 4 months apart. The average age of the patients in our series was 8.5 years (range, 1 year 3 months to 15 years). By 3 weeks after injury, there was periosteal new bone formation about the distal fibula in 7 children (18%), one of whom also had new bone formation about the distal tibia (Figs. 1A, B) . On follow-up radiographs, including AP, lateral, and mortise, there were no displaced fractures, and no radiograph had greater than 1 mm of new bone formation visible. These radiographic signs were noted an average of 18 days after the date of injury (range, 11Y27 days).
The average age of the 7 patients who demonstrated periosteal healing consistent with an occult fracture was 8.1 years (range, 1.3Y14.6 years). healing, as determined by resolution of pain and tenderness, was 25 days (range, 12Y34 days). One patient also had periosteal new bone along the medial distal tibia as well as the fibula, suggesting injury to both bones.
Thirty patients (31 injuries) did not have periosteal new bone formation on follow-up radiographs. The average age of these patients was 9 years (range, 2Y15 years). Average time for resolution of pain and return of function was 18 days (range, 11Y32 days). Twenty-nine of the 30 patients were treated with casting until pain resolved.
DISCUSSION
Differentiating Salter-Harris type I fractures from ankle sprains is often difficult because the physical examination and radiographic findings can be similar for both injuries. Farley et al 2 previously performed an ultrasound study that discussed the frequency of occult fractures in this patient population. Of 11 children with lateral ankle tenderness and normal radiographs, 2 (18%) demonstrated subperiosteal hemorrhage that was defined as a Salter-Harris I fracture. Both children also demonstrated adjacent ligamentous injury as well. Five of 11 children had only ligamentous injury by ultrasound, and 4 of 11 had no abnormalities.
Gleeson et al 3 performed ultrasounds on children with ankle inversion injuries and normal plain radiographs. They reported subperiosteal hematoma Bconsistent with a growthplate injury[ in 23 of 40 (58%) children. In their series, children treated with a tubular bandage returned to normal activities at a mean of 14 days. Given the early average return to normal activity, it is possible that the ultrasound was overly sensitive and that not all hematomas represented true fractures.
To our knowledge, ours is the first study based on plain radiographs to report the incidence of occult fracture in children presenting with acute ankle trauma, fibular tenderness, and no evident fracture on initial radiographs. There was radiographic evidence of periosteal new bone in 7 (18%) of 38 injuries in the current study. This is in sharp contrast to the 76% incidence of periosteal new bone seen in occult elbow fractures in children after elbow trauma with radiographs showing an elevated posterior fat pad but no other evidence of fracture. 4 In the 7 children with radiographic evidence of fracture at follow-up, all 7 had distal fibula fractures, and 1 of the 7 also had a distal tibia fracture. All 7 had good results at short-term follow-up, and there was no significant fracture displacement in any patient.
A limitation of this investigation is that we used periosteal new bone formation as an indicator for occult fracture. One may hypothesize that a Salter I fracture with insufficient displacement to produce subperiosteal hemorrhage may not produce subsequent periosteal new bone formation. In addition, Salter I fractures may not strip the metaphyseal periosteum enough to result in the formation of bony callus. More sensitive radiographic studies (such as magnetic resonance imaging or bone scan) may have detected a higher incidence of physeal fractures in these children, although our results are similar to the ultrasound study by Farley et al. 2 This study found that only 18% of our children with an acute ankle injury, localized distal fibular tenderness, and normal initial radiographs had an actual fracture. Given this low incidence, our current practice has transitioned toward the use of a functional ankle brace rather than a cast. This treatment modality may be better tolerated by our patients and may allow for quicker return to full function. 
